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(57) A carbon electrode for a nonaqueous second- 
ary battery comprising a conductive substrate doubling 
as a collector and carbon formed directly thereon, where- 
in the conductive substrate comprises a metal or a com- 
pound thereof having a catalytic action with respect to 
graphitization of a carbon material at a portion where car- 



bon is required to be formed from a carbon precursor 
and comprises a metal or a compound thereof having no 
catalytic action with respect to graphitization of the car- 
bon material at a portion where carbon is not required to 
be formed from the carbon source. 
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Description 

Th present invention relates to a carbon electrode 
for a nonaqueous secondary batt ry, a fabrication meth- 
od for the same and a nonaqueous secondary battery 
using the same. More particularly, the present invention 
relates to a carbon electrode for a nonaqueous second- 
ary battery which has a high capacity and long life and 
is safe, a fabrication method for the same and a non- 
aqueous secondary battery using the same. The non- 
aqueous secondary battery of the present invention can 
be suitably used for driving electric sources for portable 
equipment such as electronic equipment, information 
equipment and the like. 

As miniaturization and weight reduction of portable 
equipment such as electronic equipment and information 
equipment rapidly progress, the secondary batteries 
which drive them have become increasingly important. 

Because a lithium secondary battery is lightweight 
and has high energy density, it is considered promising 
as a driving electric source for portable equipment, there- 
fore research and development thereof have been ac- 
tively progressing. However, when a simple substance 
of lithium metal is used for a negative electrode, repeti- 
tion of a charge and discharge cycle causes dentrites to 
generate and grow on the lithium metal, which lead to an 
internal short circuit, for which reason it is difficult to use 
lithium metal for a secondary battery. Also, lithium alloys 
such as lithium-aluminum alloy are proposed in place of 
lithium metal. However, because charge and discharge 
cycles or deep charging/discharging causes segregation 
of the alloy, sufficiently satisfactory characteristics are 
not obtained. 

Accordingly, a battery using a negative electrode 
which utilizes the intercalation -de intercalation reaction 
of lithium ion with carbon as a host material was pro- 
posed. The research and development thereof has been 
progressing and has to a certain extent been put to prac- 
tical use. A lithium secondary battery in which carbon is 
used for a negative electrode is excellent in terms of its 
cycle characteristic and safety. However, not only carbon 
materials have large variations in their structure carbon, 
but the physical properties and texture thereof greatly in- 
fluence the performance of the electrode, which allows 
various types of carbon electrodes to be proposed. 

For example, electrodes using relatively amorphous 
carbon for a negative electrode as shown in 
JP-A-61-111907 (the term \JP-A n as used herein means 
an unexamined published Japanese patent application) 
and JP-A-62-90863, electrodes using graphite for a neg- 
ative electrode as shown in J P-A-60- 182670, 
JP-A-60-221964, JP-A-4-1 55776 and JP-A-4-1 15467, 
and electrodes in which attention is paid to the texture of 
carbon, not the crystallinity of carbon as shown in 
JP-A-4-280068 and JP-A-4-312958 have been pro- 
posed. However, because all of these carbons are pow- 
dery or fibrous, a binder has to be mixed when they are 
used in electrodes. Accordingly, even if the carbon itself 



has excellent performance, problems will remain in 
terms of the cycle characteristic and amount of active 
material per volume when it is put to practical use in an 
electrode. 

s Meanwhile, a method in which carbon is deposited 
directly on a material capable of serving as a collector 
by a chemical vapor deposition method is proposed in 
JP-A-60-36315 and USP 4,863,814. The carbon elec- 
trodes produced by these methods show excellent char- 
to acteristics. In particular, those prepared by depositing 
carbon directly on a metallic substrate not only do not 
require a binder but also have good current collection 
and therefore have high capacity and exhibit high cycle 
stability. 

Further, those . prepared by carrying a substance 
having a catalytic action with respect to polymerization 
for monomer on current collector as shown in 
JP-A-59-18578, or those prepared by depositing carbon 
on a substrate having a catalytic action on graphitization 
of carbon materials as shown in USP 4,968,527 and USP 
4,863,818 are available. In the former, polymer are used 
as a battery-active material, and the catalytic action is 
for polymerization of monomer. In the latter, however, it 
is known that because carbon having high graphitization 
is deposited at low temperatures with strong adhesion, 
carbon electrodes having high capacity and an excellent 
cycle characteristic are obtained. 

It is described in JP-A-4-92364 and JP-A-5-347155 
that organic substances are impregnated into metallic 
porous bodies and carbonized to obtain carbon elec- 
trodes. 

However, when carbon is formed either from a gas 
phase or a liquid phase, there is the defect that, when 
carbon is formed directly on the substrate, it is formed 
over the entire substrate. That is, in the case where elec- 
trodes prepared by depositing carbon directly on a con- 
ductive substrate having a catalytic action on the graph- 
itization of carbon materials are used to produce batter- 
ies, a process for peeling off carbon deposited on a weld- 
ed portion is required when welding the battery case and 
electrode. Also, applying a mask in order to make a por- 
tion where carbon is not deposited has been considered, 
but this masking is actually very difficult at the high tem- 
peratures required to form carbon electrodes by depos- 
iting carbon from a carbon source. Further, when the 
conductive substrate having a catalytic action is used, it 
is difficult to peel the carbon off because the carbon is 
deposited with strong adhesion. 

As the need for a higher capacity battery increases, 
reducing the thickness of a metallic plate which is a col- 
lector (conductive substrate) or use of a three-dimen- 
sional structure in order to obtain a large current is re- 
quired. However, in the electrode fabrication methods 
described above, because th collector m tal itself acts 
as a catalyst, catalytic atom are caught in carbon when 
forming the carbon electrode, and therefore the. collector 
becomes thin or narrow. Such a phenomenon, while giv- 
ing sufficient current collection to an activ material, 
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makes it difficult to peel off only carbon deposited at a 
weld portion when carrying out welding to the battery 
case. Also, welding as is, without peeling the carbon, has 
caused problems in terms of contact resistance and 
strength, which in turn leads to the defects that the inter- 
nal resistance of the battery increases and fabrication 
yield is lowered and, further, that reliability is greatly in- . 
fluenced. 

Thus, the present invention provides a carbon elec- 
trode for a nonaqueous secondary battery comprising a 
conductive substrate doubling as a collector with carbon 
formed directly thereon, wherein the conductive sub- 
strate comprises a metal or a compound thereof having 
catalytic action with respect to graphitization of a carbon 
material at a portion where carbon is required to be 
formed from a carbon precursor and comprises a metal 
or a compound thereof having no catalytic action with 
respect to graphitization of the carbon material at a por- 
tion where carbon is not required to be formed from the 
carbon source. 

Further, the present invention provides a fabrication 
method for a carbon electrode for a nonaqueous second- 
ary battery, comprising the step of supplying a carbon 
material from a carbon source to a conductive substrate 
having a portion where a metal or an oxide thereof having 
catalytic action with respect to graphitization of the car- 
bon material is present and carbon is required to be 
formed from a carbon source, and a portion where metal 
or an oxide thereof having no catalytic action with respect 
to the graphitization of the carbon material is present and 
carbon is not required to be formed from the carbon 
source, to thereby form carbon directly on the portion 
where carbon is required to be formed. 

Also, the present invention provides a nonaqueous 
secondary battery comprising a rechargeable positive 
electrode, a rechargeable negative electrode and an ion 
conductor maintained in a separator conductor provided 
between both electrodes, wherein the negative electrode 
comprises the above-mentioned carbon electrode for a 
nonaqueous secondary battery. 

Fig. 1 is a flow chart of the fabrication method of the 
present invention. 

Fig. 2 is a flow chart of the fabrication method of the 
present invention. 

Fig. 3 is a drawing showing the discharge current 
density dependency of electrode capacities in Examples 
1 to 1 1 and Comparative Examples 1 to 3. 

Fig. 4 is a drawing showing cycle characteristics of 
coin-type batteries in Examples 12 to 13 and Compara- 
tive Example 4. 

Fig. 5 is a schematic drawing illustrating a carbon 
depositing apparatus used for a fabrication method for 
the carbon electrode of the present invention. 

Fig. 6 is a plan drawing of a coin-type cell in the 
present invention. 

Fig. 7 is a cross-sectional drawing of a coin type sec- 
ondary battery in the present invention. 

Intensive research by the present inventors with the 



object of solving the defects described above hav r - 
suited in the finding that when carbon is formed directly 
on a conductive substrate doubling as a collector, carbon 
is not only graphitized on metal having a catalytic action 
s but is also formed with strong adh sion, but carbon 
formed on metal having no catalytic action can easily be 
peeled off, such finding leading them to the. present in- 
vention. 

The catalytic action in the present invention means 

10 action which promotes graphitization in thecourse of car- 
bonizing a carbon material. 

Examples of the metals having catalytic action with 
respect to the graphitization of a carbon material in the 
present invention include iron, cobalt and nickel. Alloys 

15 are included in these metals. Examples of the alloys 
. which can be used include nickel-iron, nickel-copper, 
iron-nickelcobalt and stainless steel. Further, com- 
pounds -thereof can be used and inciude, for example, 
halides such as chlorides, sulfates and bromides of 

20 these metals, and organic acid salts such as formates, 
acetates and benzoates of the metals. Among these, 
nickel is suitable for the collector since it prevents car- 
bide from being formed on the conductive substrate and 
is preferred since it is relatively inexpensive. 

25 The form of the portion where carbon is required to 
be formed from a carbon source on a conductive sub- 
strate includes tabular, reticulate and foamed forms and 
prepared form by pressing and solidifying fiber. Among 
them, the form having a large surface area such as a 

30 three-dimensional structure including reticulate, foamed 
and fibrous ones is preferred because it can increase the 
derivable current. For example, foamed nickel corre- 
sponds to such a three-dimensional structure. 

On the other hand, examples of the metals having 

35 no catalytic action with respect to graphitization of car- 
bon materials include copper, silver, gold, platinum, pal- 
ladium, tin and lead. Further, compound thereof can be 
used and include, for example, halides such as chlo- 
rides, sulfates and bromides of these metals, and organ- 

40 ic acid salts such as formates, acetates and benzoates 
of the metals. Of these, copper, silver and gold are pre- 
ferred, and copper is further preferred in terms of cost 
and ease of coating. 

A shape having a small surface area such as a plate 

45 js preferred as the shape of the portion where carbon is 
not required to be formed from a carbon source, because 
carbon is easily peeled off. 

In the conductive substrate of the present invention, 
the portion on which carbon is not required to be formed 

50 from a carbon source is preferably a weld portion of a 
battery case which receives the conductive substrate by 
welding, because carbon is not formed or can be readily 
peeled off at such a portion, and therefore the strength 
of the weld and the contact resistanc thereof are not 

55 influenced. 

Here, because the conductive substrate described 
above doubles as the collector, not only is a binder not 
required but also current collection is good, thus an elec- 
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trade exhibiting high cycle stability can be formed. 

Next, a fabrication method for the above-mentioned 
carbon electrode for a nonaqu ous secondary battery 
will be explain d. 

First, a fabrication method for the conductive sub- 
strate described above includes, for example: 

(1 ) a method in which a portion of metal having cat- 
alytic action with respect to graphitization of a car- 
bon material is coated with metal having no catalytic 
action with respect to graphitization of the carbon 
material, 

(2) a method in which a portion of metal having no 
catalytic action with respect to graphitization of a 
carbon material is coated with metal having catalytic 
action with respect to graphitization of the carbon 
material, 

(3) a method in which metal having no catalytic 
action with respect to graphitization of a carbon 
material and metal having such a catalytic action are 
welded to form a substrate, and 

(4) a method in which metal or a compound thereof 
having catalytic action with respect to graphitization 
of a carbon material is sintered on metal having no 
catalytic action with respect to graphitization of the 
carbon material to form a substrate. 

A coating method in the fabrication method (1) de- 
scribed above is not especially limited, and any known 
method can be used. For example, any one of a vapor 
deposition method utilizing heat evaporation under high 
reduced pressure, a sputtering method utilizing heat 
evaporation and ion impact, an electrolytic plating meth- 
od, a non-electrolytic plating method, a coating method 
in which paste containing dispersed metallic powder is 
coated, and a method in which heat treatment is applied 
to carry out sintering after coating can be used. Among 
these, the electrolytic plating method and the non-elec- 
trolytic plating method are preferred because of low cost 
and ease coating condition control. 

For example, when the electrolytic or non-electrolyt- 
ic plating method is carried out, a substrate is washed, 
subjected to sensitization treatment in a prescribed so- 
lution and activation treatment and then dipped in a plat- 
ing bath, providing a coating. Here, the plating amount 
can be controlled by changing the temperature of the 
plating bath, the concentration of metal ions, the dipping 
time, current density and current amount. 

Metal having no catalytic action is coated in the man- 
ner described above after coating a portion which is not 
required to be coated with a masking agent having chem- 
ical resistance, heat resistance and an insulating prop- 
erty, whereby only a required portion can be coated. 
When a plating method is used as a coating method, a . 
method in which only the required portion is dipped in a 



plating bath is included as well. 

A thickness of metal having no catalytic action falls 
in the range of 0.01 or more, pr ferably 0. 1 to 500^m. 
When th thickness is smaller than 0.01 [im, the catalytic 
action cannot be sufficiently suppressed for the reason 
that an alloy is formed with a metal having a catalytic 
action for coating carbon, and carbon having strong ad- 
hesion is formed as well at a coated portion. Conse- 
quently this is not preferred. 

The form of the metal having no catalytic action is 
not especially limited, and a plate can be used. In partic- 
ular, it is preferred that the metal having no catalytic ac- 
tion is in a shape having small surface area. This is be- 
cause the smaller the surface area, the more easily the 
carbon is peeled off. 

In method (2) described above, the same process 
as that in method (1 ) described above can be used for a 
process for coating with metal having a catalytic action. 

The welding process in the forming method (3) de- 
scribed above is not especially limited, and any publicly 
known process can be used. For example, a spot weld- 
ing process, a supersonic welding process and the like 
can be used. 

The shapes of metal having catalytic action and met- 
al having no catalytic action are not especially limited, 
and a plate can be used. In particular, it is preferred that 
the metal having catalytic action has a shape with large 
. surface area sUch as a three-dimensional structure and 
the metal having no catalytic action has a shape with 
small surface area. This is because the' larger the surface 
area, the more effectively the catalyst acts, and the 
smaller the surface area, the more easily the carbon is 
peeled off. 

The compounds of the metals having catalytic action 
in the forming method (4) described above include hali- 
des such as chloride, sulfide and bromide of these met- 
als, inorganic apid salts such as carbonate and nitrate, 
and sulfates, oxides and hydroxides of the metals. Fur- 
ther, organic acid salts such as formate, acetate, ben- 
zoate and the like are included. 

The sintering method is not particularly limited, and 
any known method can be used. These include, for ex- 
ample, a method in which powder comprising the metal 
and/or a compound thereof described above is solidified 
by pressing and then sintered, and a method in which 
metal and/or a compound thereof is mixed with a solution 
and coated, followed by sintering. Here, the metal and 
compound thereof used may be any form, such as gran- 
ule and fiber. 

The shapes of the metal having catalytic action and 
the metal having no catalytic action are not specifically 
limited. It is preferred that the metal having catalytic ac- 
tion has a large surface area form such as a three-di- 
mensional structure. On the other hand, it is preferred 
that the metal having no catalytic action has a small sur- 
face area. This is because the larger the surface area, 
the more effectively the catalyst acts, and the smaller the 
surface area, the more easily th carbon is peeled off. 
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Carbon is formed directly on the conductive sub- 
strate obtained by the fabrication method described 
abov to form a carbon electrode. The method for form- 
ing carbon is not particularly limited, and a gas phase 
method, a liquid phase method and a solid phase method 
are included. 

The gas phase method is a method in which carbon 
material gas or a carrier gas such as argon therewith is 
transported in a heated electric furnace to form carbon 
from gas phase. With respect to the carbon material gas 
which can be used in the gas phase method, gas which 
is vapor at normal temperatures such as propane can be 
used as is, and in the case of organic materials which 
are liquids at normal temperatures such as benzene, 
these can be used by vaporizing them by means of bub- 
bling. 

The liquid phase method is a method in which a car- 
bon precursor is Heat-treated in sp inert atmosphere Lo 
form carbon. The carbon precursor which can be used 
in the liquid phase method includes tar and pitch. In the 
liquid phase method, programming rate and pressure at- 
mosphere when heat treating under reduced pressure 
and pressurization can be suitably selected according to 
the carbon precursors. 

Further, the solid phase method is a method in which 
a solid carbon precursor such as a polymer material is 
heat-treated to form carbon. Examples of the materials 
which can be used in the solid phase method include a 
furan resin, phenol resin, polyvinylidene chloride, cellu- 
lose and sugar. In the solid phase method, it is possible 
as well to mold a material in a prescribed form by heating 
or dissolving it in a suitable solvent before heat-treat- 
ment. 

The carbon-forming temperature range is different 
according to the carbon materials and fabrication meth- 
od, and ranges from the temperature at which carbon 
starts to form up to a temperature close to the melting 
point of the metal having catalytic action. Further, with 
respect to the liquid phase method and the solid phase 
method, carbon materials can be subjected to flame re- 
sistance treatment or infusibility treatment at 200° C to 
400°C prior to carbon formation in an active environment 
such as in air, differing according to the carbon material 
used. 

The present invention is characterized as well in that 
the electrode described above is used as a negative 
electrode to constitute a nonaqueous secondary battery. 
The nonaqueous secondary battery of the present inven- 
tion is explained below. 

A positive electrode in the nonaqueous secondary 
battery of the present invention comprises a positive 
electrode active material and a conductive material, a 
binder and, optionally, a solid electrolyte added thereto. 

The positive electrode active material includes, for 
example, oxides containing lithium. More specific exam- 
ples include LiCo0 2 , LiNi0 2 , LiFe0 2 , LiMn0 2 , LiV0 2 , 
Li x M y N 2 0 2 of this series (wherein M is Fe, Co, Ni or Mn, 
N represents transition metal, preferably metal of 4B 



group or 5B group, 0^X^1,0^Y^1, O^Zi 1 ), LiMn 2 0 4 , 
and LiMn 2 . x N y 0 4 (wherein N represents transition metal, 
preferably metal of 4B group or 5B group, 0^Z^2). 

The conductive material is not specifically limited, 
5 any known material being usable. For example, carbons 
such as carbon black (acetyl n black, thermal black, 
channel black and the like), graphite powder and metal 
powder can be used. 

The binder is not specifically limited, any known ma- 
10 terial being usable. There can be used, for example, flu- 
orine series polymers such as polytetrafluoroethyiene 
and polyvinylidene fluoride, polyolefine series polymers 
such as polyethylene and polypropylene, and synthetic 
rubbers. 

is The solid electrolyte is not specifically limited, any 
known inorganic or organic material being usable. The 
inorganic solid electrolyte includes, for example, lithium 
nitride, haiides, oxygen add salts and the like, more spe- 
cifically Li 3 N, Lil, Li 3 IM-Lil-l_iOH, LiSi0 4 -Lil-LiOH, 

20 Li 3 P04-Li 4 Si04, phosphorus sulfide compounds, and 
LiSiS 3 . The organic solid electrolyte includes, for exam- 
ple, polyethylene oxide derivatives or polymers contain- 
ing these derivatives, polypropylene oxide derivatives or 
polymers containing these derivatives, and phosphate 

2S polymers. 

The mixing ratios of the conductive material and the 
binder to the ppsitive electrode active material are pref- 
erably 5 to 50 parts by weight of the conductive material 
and 1 to 30 parts by weight of the binder per 100 parts 

30 by weight of the active material. The conductive material 
of less than 5 parts by weight or a binder of more than 
30 parts* by weight increases the resistance or polariza- 
tion of an electrode and decreases discharge capacity, 
whereby a practical nonaqueous.secondary battery can- 

35 not be produced. The conductive material of more than 
50 parts by weight (provided that the part by weight is 
varied according to the type of conductive material) re- 
duces the active material amount contained in an elec- 
trode and therefore decreases discharge capacity as the 

40 positive electrode. The binder of less than 1 part by 
weight removes binding ability, and the binder of more 
than 30 parts by weight reduces the active material 
amount contained in the electrode, as is the case with 
the conductive material. Further, as described above, it 

4S js not practical because the resistance or polarization of 
the electrode increases, decreasing the discharge ca- 
pacity. When producing the positive electrode, heat 
treatment is preferably carried out at temperatures close 
to the melting point of each binder in order to enhance 

so adhesion. 

For the ion conductor, for example, an organic elec- 
trolyte, solid polymer electrolyte, solid inorganic electro- 
lyte, and fused salts can be used. Of these, the organic 
electrolyte can be suitably used. 

55 Examples of solvents for the organic electrolyte in- 
clude esters such as propylene carbonate, ethylene car- 
bonate, butylene carbonate, diethyl carbonate, dimethyl 
carbonate, methyl ethyl carbonate, and -butyro-lactone, 
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tetrahydrofuran substituted telrahydrofurans such as 
2-methyltetrahydrofuran, ethers such as dioxolane, die- 
thyl ether, dimethoxyethane, diethoxyethan , and meth- 
oxyethoxyethane, dimethy {sulfoxide, sulfolane, methyl- 
sultolane, acetonitrile, methyl formate, and methyl ace- 
tate. Thes can be us d singly or as a mix d solvent of 
twoormor types. 

. Examples of the electrolytes includes lithium salts 
such as lithium perchlorate, lithium borofluoride, lithium 
phosphofluoride, arsenic lithium hexafluoride, lithium tri- 
fluoromethanesulfonate, lithium halides, and lithium 
chloroalminate. These can be used singly or as a mixed 
solvent of two or more types thereof. The electrolyte is 
dissolved in one or more of the solvents selected from 
the above to prepare an electrolyte. The solvents and 
the electrolytes used in preparing the electrolytes are not 
limited to those described above and the following can 
also be used. 

The solid inorganic electrolytes include, for exam- 
ple, lithium nitride, halides hydroxide or oxygen acid 
salts. More specifically, they include Li 3 N, Lil, Li 3 N-Lil-Li- 
OH, LiSi0 4 -Lil-LiOH, Li 3 P0 4 -Li 4 Si0 4) phosphorus 
sulfide compounds, and LiSiS 3 . The organic solid elec- 
trolytes include, for example, polyethylene oxide deriva- 
tives or polymers containing these derivatives, polypro- 
pylene oxide derivatives or polymers containing these 
derivatives, and phosphate polymers. 

A separator for maintaining these electrolytes in- 
cludes non-woven seet and woven fabrics of electrically 
insulative synthetic resin fiber, glass fiber and natural fib- 
er, and moldings of powder of alumina. Among them, 
non-woven fabrics of synthetic fibers of polyethylene or 
polypropylene are preferred in terms of quality stability. 
Those provided with a function wherein separators are 
fused by heat to shut off the positive electrode from the 
negative electrode when batteries abnormally generate 
heat are included in these fabrics of synthetic fibers, and 
therefore they can suitably be used as well from the view- 
point of safety. The thickness of the separators is not par- 
ticularly limited. They can have thicknesses in which a 
required amount of the electrolyte can be maintained and 
short circuiting between the positive electrode and the 
negative electrode can be avoided. Usually, those of a 
degree of 0.01 to 1mm, preferably 0.02 to 0.05mm can 
be used. 

The nonaqueous secondary battery can have a pris- 
matic-type, cylindrical-type, coin-type or button-type 
shape. 

In the above, welding of a conductive substrate with 
a battery case has been described. The fabrication meth- 
od of the present invention can also be applied to partial 
reinforcement when using a thinner collector. 

The carbon electrode for a nonaqueous secondary 
battery of the present invention will not be cut in welding 
because the conductive substrate is not damaged when 
forming carbon. This not only facilitates fabrication of the 
current collecting portion of the electrode but also im- 
proves the yield of the battery. Also, becaus carbon can 



be formed at a required portion, not only is the internal 
resistance of the battery reduced and capacity increased 
but the current characteristics ther of improve. Further, 
because the cycle characteristic is improved, the r lia- 

5 bility of the battery is enhanced. In addition, not only can 
a process for peeling carbon off in order to form a current 
collecting portion be omitted but str rigth can also be 
maintained. Accordingly, because the collector metal it- 
self can be prevented from being removed with the car- 

10 bon when the carbon is peeled off, as was the case in 
the past, the carbon can be easily peeled off, and a thin 
or fine conductive substrate can be used. This results in 
not only increasing the energy density of the battery but 
also makes it capable of having a large capacity. Further, 

15 fabrication is facilitated because carbon is required to be 
. formed only on one face. 

EXAMPLES 

20 The present invention will be concretely explained 
below with reference to the examples, but is not limited 
thereto. The electrodes used in the examples were pro- 
duced according to the flow charts shown in Fig. 1 and 
2. The details of the respective processes were shown 

25 jn the examples. 

Example 1 

Nickel foil having an area of 4 x 2cm 2 and a thickness 
30 of 50u.m was used as metal 1 having catalytic action. A 
portion of the surface thereof was plated with copper as 
metal 2 having no catalytic action by the following meth- 
od. 

First, the nickel foil was washed (refer to Fig.(a)). 
35 Then, 100g of CuS0 4 was dissolved in 500ml of water, 
and 1 5ml of concentrated sulfuric acid was dripped ther- 
eon while stirring the solution. Further, 3g of sodium 
1 ,5-naphthalenedisulfonate was added to prepare a plat- 
ing bath for electrolysis. This plating bath was main- 
^0 tained at 20° C, and electrolytic copper plating was per- 
formed at a current density of 2m A/cm 2 (refer to Fig. 1 
(b)). The plating thickness was 3um 

The conductive substrate plated with copper in the 
manner described above was kept on the sample table 
45 of a CVD equipment shown in Fig. 5, and carbon was 
deposited in the following conditions (refer to Fig. 1(c)). 
In Fig. 5, 21 indicates a carrier gas supplying line, 22 a 
reaction gas supplying line, 23 and 24 needle valves, 25 
a reaction tube, 26 a sample holder, 27 .a heating fur- 
50 nace, and 28 an exhaust arrangement. 

Propane was used for the carbon material gas and 
argon for the carrier gas. Propane which was the carbon 
material gas was maintained at a flow rate of 0.53 
mole/hour and a gas flow speed of 25.5cm/minute, and 
55 carbon was deposited at a deposition temperature of 
900°C for one hour, whereby a carbon electrode was ob- 
tained. The deposited amount of carbon was 5.3mg. 
A current collecting tab 4 was attached to the carbon 
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electrode thus obtained, and thus an electrode for eval- 
uation was prepared (refer to Fig. 1(d)). This was dried 
under reduced pressure at 150°C for 5 hours and then 
evaluated as an electrode. A three electrode system 
method was used for evaluation, and lithium was us d 
for a counter electrode and a reference electrode. An 
electrolyte was prepared by dissolving lithium perchlo- 
rate of 1 moldnrr 3 in the 1:1 mixed solvent of ethylene 
carbonate and diethyl carbonate. In a charge/discharge 
test, charge was carried out up to OV at a current value 
of 30mAg- 1 , and subsequently discharge was carried 
out up to 1 .5V at the respective current values. The dis- 
charge current density density dependency of the elec : 
trade was checked by this method. The result is shown 
in Fig. 3. 

Example 2 

Foamed nickel having a dimension of x 2 cm 2 and 
a thickness of 50mm was used as the metal having cat- 
alytic action, and this was subjected to non -electrolytic 
copper plating. In the non -electrolytic copper plating, a 
mask was first produced so that only a portion of the sub- 
strate where a current collecting tab was welded was ex- 
posed, and sensitization treatment and activation treat- 
ment were then carried out using MAC- 100 (manufac- 
tured by Okuno Chemical Ind. Co., Ltd.) and MAC-200 
(manufactured by Okuno Chemical Ind. Co., Ltd.) as pre- 
treatment solutions. Next, the pretreated substrate was 
dipped in the two-solution type of non -electrolytic copper 
plating baths of MAC-500 A and MAC-500B (manufac- 
tured by Okuno Chemical I nd. Co. , Ltd. ), and copper plat- 
ing was carried out at room temperatures while stirring 
the solution with a stirrer, whereby a conductive sub- 
strate was obtained as a collector. The area of the portion 
which had been subjected to copper plating was 0.5 x 
0.5cm 2 , and the thickness of the plated copper was 
2.1um On the assumption that the total surface area 
was 1 0 times the area occupied by the plated copper, a 
change in weight by plating was measured, and the thick- 
ness of the plated copper was determined from a calcu- 
lation based on the above measuring result. 

Carbon was deposited on the collector thus obtained 
in the same conditions as those in Example 1 to obtain 
a carbon electrode. The deposited amount of carbon was 
12.8 mg. The carbon electrode thus obtained was eval- 
uated as an electrode in the same manner as that in Ex- 
ample 1 , and discharge current density dependency was 
checked. The result is shown in Fig. 3. 

Example 3 

Nickel foil having a dimension of 4 x 2 cm 2 and a 
thickness of 50u.m was used as a metal having catalytic 
action, and silver was coated on a portion thereof by 
sputtering in the following manner. 

First, a metal plate was superposed so that a portion 
of the nickel foil was exposed, and this was fixed on a 



sample table by a magnet. After the inside of a chamber 
was evacuated to about 10 -6 torr, argon gas was intro- 
duced to adjust the pressure to 5 x lO^ 3 torn In this at- 
mospher a target of silver was used to carry out sput- 

s tering at 200°c for about 30 minutes, whereby a conduc- 
tive substrate was obtained. The film thickness of the 
coated silver was 1 .6um 

The conductive substrate obtained in the above 
manner was used to deposit carbon at the same material 

10 supplying rate as that in Example 1 at a deposition tem- 
perature of 800°C for one hour, whereby a carbon elec- 
trode was obtained. The deposited amount of carbon 
was 6.3mg. The carbon electrode thus obtained was 
evaluated in the same manner as that in Example 1 , ex- 

15 cept that a solution prepared by dissolving lithium per- 
chlorate of 1 moldnrr 3 in the 1:1 mixed solvent of ethyl- 
ene carbonate and propylene carbonate was used as an 
electrolyte. The resuii is shown in Fig. 3. 

20 Example 4 

Stainless steel foil (SUS 302 manufactured by Nico- 
las Co., Ltd.) having a dimension of 4 x 2cm 2 and a thick- 
ness of 50ujm was used as the metal having catalytic ac- 

25 tion. A tape was applied so that a portion of the foil was 
exposed, and gold was deposited thereon, whereby a 
conductive substrate was obtained. The thickness of de- 
posited gold was 0.8um 

Carbon was deposited on the conductive substrate 

30 obtained in the above manner at the same carbon ma- 
terial gas supplying rate as that in Example 1 at a depo- 
sition temperature of 1000°C, whereby a carbon elec- 
trode was obtained. The deposited amount of carbon 
was 6.1mg. The carbon electrode thus obtained was 

35 evaluated in the same manner as that in Example 1 , ex- 
cept that a solution prepared by dissolving lithium per- 
chlorate of 1 moldnrr 3 in the 1 :1 mixed solvent of ethyl- 
ene carbonate and y-butyrolactone was used as an elec- 
trolyte. The result is shown in Fig. 3. 

40 

Example 5 

An alloy foil of iron-nickel-cobalt having a dimension 
of 4 x 2cm 2 and a thickness of 50mm was used as metal 
45 having catalytic action, and was plated with copper in the 
same manner as that in Example 1 , whereby a conduc- 
tive substrate was obtained. The thickness of copper 
was 1.5|im. 

Carbon was deposited on the conductive substrate 
50 obtained in the above manner at the same carbon ma- 
terial gas supplying rate as that in Example 1 and a dep- 
osition temperature of 1000°C, whereby a carbon elec- 
trode was obtained. The deposited amount of carbon 
was 4.3mg. The carbon electrode thus obtained was 
55 evaluated in the same manner as that in Example 1 . ex- 
cept that a solution prepared by dissolving lithium per- 
chlorate of 1 moldrrr 3 in the 1:1 mixed solvent of ethyl- 
ene carbonate and y-butyrolactone was used as an elec- 
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trolyt . Th result is shown in Fig. 3. 
Example 6 

Foamed nickel (2 x 2cm 2 ) was spot-w Ided on cop- 
per foil (2 x 3cm 2 , refer to Fig. 2(a)) having a thickness 
of 2041m to ther by. obtain a conductive substrate for 
forming a carbon electrode (refer to Fig. 2(b)). 

A quinoline soluble component contained in pitch 
was impregnated into the conductive substrate thus ob- 
tained. This was maintained at 300°C for 2 hours in a 
nitrogen gas stream. Then, the temperature was elevat- 
ed to 1000°C, and the conductive substrate was main- 
tained at this temperature for 3 hours, thereby obtaining 
a carbon electrode (refer to Fig. 2(c)). It was found from 
an increase in the weight of the carbon electrode that the 
amount of carbon gained was 3.2mg. Carbon was firmly 
deposited on the foamed nickel: the portion having cat- 
alytic action and the carbon deposited on the copper foil 
could be readily removed. 

The carbon electrode thus obtained was evaluated 
as an electrode in the same manner as that in Example 
1 , and the discharge current density dependency thereof 
was checked. The result is shown in Fig. 3. 

Example 7 

Copper foil (2 x 3cm 2 ) having a thickness of 2041m 
was used as metal having no catalytic action (refer to 
Fig. 2(a)). Then, nickel powder was mixed with water to 
make a paste, and the paste was coated on the copper 
foil to 2 x 2cm 2 . Thereafter, the foil was dried at 60°C for 
one hour and then baked at 1000°C for 3 hours in a ni- 
trogen gas stream, thereby obtaining a conductive elec- 
trode for forming a carbon electrode (refer to Fig. 2(b)). 
The nickel powder was firmly sintered on the copper foil. 

The conductive substrate obtained in the above 
manner was used to deposit carbon at the same material 
supplying rate as that in Example 1 at a deposition tem- 
perature of 1000°C, obtaining a carbon electrode (refer 
to Fig. 2(b)). The deposited amount of carbon was 
2.1mg. The carbon electrode thus obtained was evalu- 
ated in the same manner as that in Example 1 , except 
that a solution prepared by dissolving lithium perchlorate 
of 1 moldnrr 3 in the 1:1:2 mixed solvent of ethylene car- 
bonate, propylene carbonate and diethyl carbonate was 
used as an electrolyte. The result is shown in Fig. 3. 

Example 8 

Copper foil (2 x 3cm 2 ) having a thickness of 20u,m 
was used as the metal having no catalytic action. Then, 
a powder of nickel oxide was mixed with water to make 
a paste, and the paste was coated on the copper foil to 
2 x 2cm 2 . Thereafter, the foil was dried at 60°C for one 
hour and then baked at 1000°C for 3 hours in a nitrogen 
gas stream, thereby obtaining a conductive electrode for 
forming a carbon electrode. The nickel oxide powder was 



firmly sintered on the copper foil. 

The conductive substrate obtained in the above 
manner was used to obtain a carbon electrode in the 
same manner as that in Example 6. It was found from an 
* increas in the weight of the carbon electrode that the 
carbon formed was 2.8mg. The carbon electrode thus 
obtained was evaluat d in the same manner as that in 
Example 7. The result is shown in Fig. 3. 

10 Example 9. 

The same substrate as that in Example 6 was used 
as a conductive substrate for forming carbon. Polyvinyli- 
dene fluoride dissolved in N-methyl-2-pyrrolidone was 

'5 prepared for use as a carbon material. This was impreg- 
nated into a foamed nickel portion and baked at 1 100°C 
for 3 hours in a nitrogen gas stream, thereby obtaining 
a carbon electrode. It was found from an increase in the 
weight of the carbon electrode that the carbon formed 

20 was 1.2mg. The carbon electrode thus obtained was 
evaluated in the same manner as that in Example 7. The 
result is shown in Fig. 3. 

Example 10 

25 

Nickel foil having an area of 4 x 2cm 2 and a thickness 
of 50u.m was used as the metal having catalytic action. 
Then, a copper powder was dispersed in water This was 
coated on a portion of the nickel foil described above and 
30 dried, followed by heat-treating at 1100°C in an inert en- 
vironment and baking, whereby a conductive substrate 
was obtained. 

The conductive substrate obtained in the above 
manner was used to form carbon directly on the sub- 
35 strate in the same manner as that in Example 1 , thereby 
obtaining a carbon electrode. The deposited amount of 
carbon was 4.6'mg. The carbon electrode thus obtained 
was evaluated in the same manner as that in Example 
1. The result is shown in Fig. 3. 

40 

Example 11 

Copper foil (2 x 3cm 2 ) having a thickness of 20ujti 
was used as the metal having no catalytic action. Then, 

45 an iron acetate powder was mixed with ethanol to make 
a paste, and the paste was coated on the copper foil to 
2 x 2cm 2 . The foil was dried at 60°C for one hour and 
then baked at 1000°C for 3 hours in a nitrogen gas 
stream, whereby a conductive electrode for forming a 

50 carbon electrode was obtained. Iron acetate was con- 
verted to iron oxide, which was firmly sintered on the cop- 
per foil. 

The conductive substrate thus obtained was used to 
obtain a carbon electrode in the same manner as that in 
55 Example 6. It was found from an increase in the weight 
of the carbon electrode that the amount of carbon formed 
was 1.7 mg. The carbon electrode thus obtained was 
evaluated in the same manner as that in Example 4. The 
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result is shown in Rig. 3. 

Comparativ Example 1 

Carbon was deposited in the same manner as that 
in Example 1, except that nickel foil not subjected to 
treatment was used as a metallic substrate. Then, car- 
bon deposited on a portion on which a current collecting 
tab was welded was peeled off , and the current collecting 
tab was attached by spot welding to prepare a compar- 
ative electrode. The electrode was evaluated in the same 
manner as that in Example 1 . The result is shown in Fig. 
3. 

Comparative Example 2 

Foamed nickel was used as a metallic collector to 
deposit carbon in the same manner as that in Example 
1 without coating it with a metal having no catalytic ac- 
tion. Because deposited carbon could not be peeled off 
from the electrode thus obtained, a current collecting tab 
was directly spot-welded as carbon was deposited to ob- 
tain a comparative electrode. The electrode was evalu- 
ated in the same manner as that in Example 1 . The result 
is shown in Fig. 3. 

Comparative Example 3 

Carbon was deposited in the same manner as that 
in Example 4, except that stainless foil (SUS 302 pro- 
duced by Nicolas Qo., Ltd.) not subjected to treatment 
and having a thickness of 50|im was used as a substrate 
having catalytic action to prepare a comparative elec- 
trode. The carbon electrode thus obtained was evaluat- 
ed in the same manner as that in Example 1 , except that 
a solution prepared by dissolving lithium perchlorate of 
1 moldrrr 3 in the 1:1 mixed solvent of ethylene carbonate 
and 7-butyrolactone was used as an electrolyte. The re- 
sult is shown In Fig. 3. 

As shown in Examples 1 to 11 and Comparative Ex- 
amples 1 to 3 described above, using the electrodes of 
the present invention can control the deposition of car- 
bon at a target location. Accordingly, because not only a 
process for peeling off the carbon is unnecessary but 
also an electrode having less resistance at welded por- 
tions can be obtained, an electrode having excellent cur- 
rent characteristics and high capacity can be obtained. 
It is found that in the case where a foamed metallic col- 
lector is used, carbon does not peel off and the present 
invention is more effective. 

Example 12 

Th carbon electrode obtained in the same manner 
as that in Example 2 was used to produce a coin-type 
battery shown in Fig. 7 by the following method. 

The carbon electrode prepared in Example 2 was 
used as a negative electrode 9, and spot welding was 



carried out to connect one main face of this negative 
electrode 9 to a negative electrode case 15 (refer to Fig. 
6). Next, a s parator 10 was placed on the other main 
face of the above negative electrode 9 and a sealing 

s packing 1 3 was inserted into the peripheral portion of the 
negative electrode case 15. An electrolyte was then im- 
pregnated into the separator 1 0 described above, and a 
battery case cover 14 on which a positive electrode 11 
and a positive electrode current collecting plate 12 were 

10 welded in thiat order was disposed on the separator 10 
and caulked to seal it, whereby a nonaqueous secondary 
battery was produced. Here, in the constitution of the bat- 
tery described above, the positive electrode active ma- 
terial was excessively put, and regulated by the capacity 

is of the negative electrode. 

An electrode prepared by mixing a conductive ma- 
terial of 10 parts by weight and a binder of 10 parts by 
weight with LiCo0 2 and molding it to a peiiet of <j> 15mm 
was used as the positive electrode 11 described above. 

20 a solution prepared by dissolving lithium hexafluo- 
ride of 1 moldrrr 3 in the 1:1 mixed solvent of ethylene 
carbonate and 2-methyltetrahydrofuran was used as the 
electrolyte described above. 

A non-woven cloth of polypropylene was used as the 

25 separator 10 described above. 

A discharge test was carried out at a fixed current of 
1mA, and the potential range of charge and discharge 
was set to 2.7 to 4.1 V Then, the prepared battery was 
checked for cycle characteristic. The result is shown in 

30 Fig. 4. 

Example 13 

A carbon electrode obtained in the same manner as 
35 that in Example 6 was used to produce a coin-type bat- 
tery in the same manner as that in Example 12, and the 
cycle characteristic thereof was checked. The result is 
shown in Fig. 4. 



A coin-type battery was produced and evaluated in 
the same manner as those in Example 12, except that 
an electrode obtained in the same manner as that in 
Comparative Example 2 was used as a negative elec- 
trode and spot-welded directly to a battery case. The re- 
sult is shown in Fig. 4. 

After evaluation, the battery was taken to pieces to 
observe the weld portion, and partial cracks were found. 
This was considered to be because a portion which re- 
mains as the collector of foamed nickel after the deposi- 
tion of carbon becomes considerably fine and therefore 
is partially broken due to the repetition of expansion and 
compression caused by repetitive charges and discharg- 
es. 

As shown in Comparative Example 4 described 
above, the peeling of carbon is difficult when a foamed 
conductive substrate is used. Accordingly, in convention- 
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al methods, there is no other way but to weld the current 
collecting tab to the substrate. It is difficult to provide a 
battery capable of withstanding cycles with such an elec- 
trode. 

However, as shown in Examples 12 and 13 de- 
scribed abov , the use of the electrode and the fabrica- 
tion process of the present invention can provide a bat- 
tery having an excellent cycle characteristic. Further, be- 
cause the inferiority due to the cause shown in Compar- 
ative Example 4 is removed! yield can be Improved. 

In the nonaqueous secondary battery of the present 
invention, because the strengths of carbon and a con- 
ductive substrate are increased at desired portions but 
catalytic action is suppressed at undesired portions and 
carbon is not deposited, an electrode having less resist- 
ance at weld portions and excellent current characteris- 
tics can be obtained. 

Further, the yield of batteries can be improved by the 
conductive substrate not being cut during welding. 

Because a portion where carbon is not required to 
be formed from a carbon source in the conductive sub- 
strate is present at the weld portion of a battery case in 
which the conductive substrate is welded and therefore 
carbon is not formed at portions where welding is re- 
quired or carbon is easily peeled off, the conductive sub- 
strate can be firmly welded. 

Further, because metal having catalytic action with 
respect to the graphitization of the carbon material is 
iron, nickel or cobalt or an alloy containing at least one 
of these, a carbon electrode comprising more graphi- 
tized carbon can be obtained. Of these metals, nickel is 
particularly preferred in terms of cost and lack of carbide 
formation. 

Because metal having no catalytic action with re- 
spect to the graphitization of carbon material is copper, 
silver, gold, platinum, palladium, tin or lead, carbon is not 
formed or easily peeled off, and a carbon electrode suit- 
able for producing a nonaqueous secondary battery can 
be provided. Of these metals, copper is particularly pre- 
ferred in terms of cost and ease of coating. 

Further, because the conductive substrate contains 
a three-dimensional structure of nickel, the catalytic ac- 
tion with respect to the graphitization of carbon material 
can be more effectively exhibited, in addition to which an 
electrode having high capacity can be provided. 

Also, because a carbon electrode is formed on a 
conductive substrate by a gas phase, a carbon electrode 
having desired characteristics can be formed. 

Further, because a carbon electrode is formed by 
coating or impregnating a carbon material comprising 
tar, pitch or a polymer on a conductive substrate and then 
baking, a carbon electrode having desired characteris- 
tics can be formed. 

Further still, because the nonaqueous secondary 
battery not only does not require peeling off of carbon 
from weld portions but also maintains strength, the col- 
lector can be thin or fine, and the capacity of the battery 
can be increased. Further, not only is the internal resist- 



ance of the battery reduced but the cycle characteristic 
is improved, enhancing the reliability of the battery. 



5 Claims 

. 1 . A carbon electrode for a nonaqueous secondary 
battery comprising a conductive substrate doubling 
as a collector and carbon formed directly thereon, 

10 wherein the conductive substrate comprises a m9ta! 
or a compound thereof having a catalytic action with 
respect to graphitization of a carbon material at a 
portion where carbon is required to be formed from 
a carbon precursor and comprises a metal or a com- 

is pound thereof having no catalytic action with respect 
to graphitization of the carbon material at a portion 
where carbon is not required to be formed from the 
carbon source. 



20 2. The carbon electrode described in claim 1 , wherein 
the portion where carbon is not required to be 
formed from the carbon source in the conductive 
substrate is present at a weld portion of a battery 
case in which the conductive substrate is received 

25 by welding. 

3. The carbon electrode described in claim 1 , wherein 
the metal having catalytic action with respect to 
graphitization of the carbon material is one of iron, 

30 nickel or cobalt and an alloy containing at least one 
thereof. 

4. The carbon electrode described in claim 3, wherein 
the metal having catalytic action with respect to the 

35 graphitization of the carbon material is nickel. 

5. The carbon electrode described in claim 1 , wherein 
the metal having no catalytic action with respect to 
the graphitization of the carbon material is one of 

40 copper, silver, gold, platinum, palladium, tin and 
lead. 

6. The carbon electrode described in claim 5, wherein 
the metal having no catalytic action with respect to 

45 the graphitization of the carbon material is copper. 

7. The carbon electrode described in claim 1 , wherein 
the conductive substrate contains a three-dimen- 
sional structure of nickel. 

50 

8. A fabrication method for a carbon electrode for a 
nonaqueous secondary battery, comprising the step 
of supplying a carbon material from a carbon source 
to a conductive substrate, which has a portion where 

55 a metal or a compound thereof having catalytic 
action with respect to the graphitization of a carbon 
material is present and carbon is required to be 
formed from the carbon source and a portion where 
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a metal or a compound thereof having no catalytic 
action with respect to the graphitization of the carbon 
mat rial is present and carbon is not required to be 
formed from the carbon source, to thereby form car- 
bon directly on the portion where carbon is required £ 
to be formed. 

9. The fabrication method described in claim 8, 
wherein the conductive substrate is formed by coat- 
ing a portion of the metal having catalytic action with io 
respect to the graphitization of the carbon material 
with the metal having no catalytic action with respect 

to the graphitization of the carbon material. 

10. The fabrication method described in claim 8, 15 
wherein the conductive substrate is formed by coat- 
ing a portion of the metal having no catalytic action 
with respect to the i graphltizatfon of the carbon mate- 

'■ rial with the metal having catalytic action with 
respect to the graphitization of the carbon material. & 

11. The fabrication method described in claim 8, 
wherein the conductive substrate is formed by weld- 
ing the metal having no catalytic action with respect 

to the graphitization of the carbon material to the 25 
metal having catalytic action with respect to the 
graphitization of the carbon material. 

12. The fabrication method described in claim 8, 
wherein the conductive substrate is formed by sin- 30 
tering the metal or compound thereof having cata- 
lytic action with respect to the graphitization of the 
carbon material on the metal having no catalytic 
action with respect to the graphitization of thecarbon 
material. 35 

13. The fabrication method described in claim 8, 
wherein the conductive substrate is formed by sin- 
tering the metal or compound thereof having no cat- 
alytic action with respect to the graphitization of the 40 
carbon material on the metal having catalytic action 
with respect to the graphitization of the carbon mate- 
rial. 

14. The fabrication method described in claim 8, 45 
wherein the metal having catalytic action with 
respect to the graphitization of the carbon material 

is iron, nickel or cobalt or an alloy containing at least 
one thereof. 

so 

15. The fabrication method described in claim 14, 
wherein the metal having catalytic action with 
respect to the graphitization of the carbon material 
is nickel. 

55 

16. The fabrication method described in claim 8, 
wherein the metal having no catalytic action with 
respect to the graphitization of the carbon material 
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is any one of copper, silver, gold, platinum, palla- 
dium, tin and lead. 

17. The fabrication method described in claim 16, 
wherein the metal having no catalytic action with 
respect to th graphitization of the carbon material 
is copper. 

18. The fabrication method described in claim 8, 
wherein the conductive substrate contains a 
three-dimensional structure of nickel. 

19. The fabrication method described in claim 8, 
wherein carbon is deposited on the conductive sub- 
strate by a gas phase method. 

20. The fabrication method described in claim 8, 
wherein carbon 7s form eel by coating orTmpregnating 
a carbon material comprising tar, pitch or a polymer 
on the conductive substrate and then baking it. 

21. A nonaqueous secondary battery comprising a 
rechargeable positive electrode, a rechargeable 
negative electrode and an ion conductor maintained 
in a separator provided between both electrodes, 
wherein the negative electrode is a carbon electrode 
formed directly on a conductive substrate doubling 
as a collector, and the conductive substrate contains 
a metal or a compound thereof having catalytic 
action with respect to the graphitization of a carbon 
material at a portion where carbon is required to be 
formed from a carbon source and has a metal or a 
compound thereof having no catalytic action with 
respect to the graphitization of the carbon material 
at a portion where carbon is not required to be 
formed from the carbon source. 
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